Introduction: Anaphylactic reaction is a most serious allergy where the symptoms may occur shortly after contact with an allergen and can get worse quickly. Therefore, timely and appropriate treatment is of crucial importance. Methods: In this article, we draw on evidence from publications on the subject of anaphylaxis treatment that we got by searching Google Scholar and PubMed databases. Used articles included: systematic reviews, case reports and randomised controlled trials. We also used World Allergy Organization guidelines for the management and the assessment of anaphylaxis. A literature search with the keywords "anaphylaxis treatment", "anaphylactic shock", and "allergy" identifi ed a number of potentially eligible studies, of which 42 satisfi ed our eligibility criteria and were therefore included in this review. Topic: There was evidence regarding the optimum route, dose and site of adrenaline administration ,with the latest recommendations indicating the intramuscular route (i.m.) in the mid-outer thigh as the optimum treatment. We found studies suggesting the purpose of applying H1 and H2 antihistamines, systemic glucocorticosteroids, calcium and methylxantines to manage anaphylactic shock, recommended doses and mode of administration. With regard to treatment, we focused on acute rather than on long-term management. Further, we have taken into consideration the mechanisms, common triggers and clinical manifestations of anaphylaxis. Conclusion: Adrenaline represents the fi rst choice drug and it is necessary to be applied as soon as possible. However, there is a controversy regarding the application of the other specifi ed medications in this life-threatening condition.
INTRODUCTION
Th e most widely used defi nition of anaphylaxis is "a serious allergic reaction that is rapid in onset and may cause death", and occurs suddenly aft er contact with an allergy-causing substance [1, 2, 3, 4] . Th is acute reaction is an alarming medical emergency as represents life-threatening systemic condition where multiple body organ systems are usually aff ected (cutaneous, gastrointestinal, respiratory, cardiovascular, or central nervous system) [1, 5, 6] . Th e condition has been classifi ed on the basis of its severity (mild, moderate or severe anaphylaxis) [7] . Anaphylaxis can further be classifi ed as uniphasic (a single episode occurs), biphasic (the initial episode is followed by a second episode later in time), or protracted. Symptoms and signs experienced during the second phase or recurrent reaction of anaphylaxis are oft en more severe in nature than that seen with the initial reaction , and thus require aggressive and persistent management.
Anaphylaxis may also be found to have no clear precipitating cause, as seen with idiopathic anaphylaxis (IA) syndromes [4, 8] . By defi nition, there is no identifi able antigen responsible for episodes of idiopathic anaphylaxis, and there is no underlying disease in these patients. It has been noted that the patients with IA have elevated levels of plasma and urinary histamine during acute episodes [9] . Exercise-induced anaphylaxis (EIA) is a syndrome characterized by urticaria, symptoms of upper airway obstruction and vascular collapse aft er exercise. It usually aff ects teenagers and is oft en associated with food (Food Dependent EIA), where a particular food or group of foods should be avoided for at least 4 h prior to exercise [10] . Pumphrey [11] , researching fatal anaphylactic reactions in the UK, suggested that exercise may be a common cofactor for recurrent reactions.
Th e true global rate of occurrence of anaphylaxis remains unknown because of under-recognition by patients and caregivers, under-diagnosis by healthcare professionals, under-reporting and use of a variety of case defi nitions [4, 12] . Th e diagnosis of anaphylaxis is based largely on history and physical fi ndings at the time of the event while laboratory tests available to support the diagnosis (such as plasma histamine level and serum tryptase level ) unfortunately have proved to be disappointing and inapplicable in clinical practice [13] . Adrenaline, oxygen and fl uids are accepted fi rst line treatments, while antihistamines, steroids, glucagon, and aminophylline may be considered second line drugs [14] . Th e length of time for observing the postanaphylactic patients is suggested to be 4 to 8 hours in most cases, with prolonged observation times for patients with severe or refractory symptoms [2, 14] . Potential risk factors for severe or fatal anaphylaxis include: history of an anaphylactic reaction; pregnancy; co-morbidities such as asthma (especially if poorly controlled), cardiovascular diseases, mastocytosis, clonal mast cell disorders; and concurrent medications such as β-blockers and angiotensin-converting enzyme inhibitors [6, 12, 15] .
METHODS
In this article, we draw on evidence from publications on the subject of anaphylaxis treatment that we got by searching Google Scholar and PubMed databases. Used articles included: systematic reviews, case reports and randomised controlled trials. We also used World Allergy Organization guidelines for the management and the assessment of anaphylaxis. A literature search with the keywords "anaphylaxis treatment", "anaphylactic shock", and "allergy" identifi ed a number of potentially eligible studies, of which 42 satisfi ed our eligibility criteria and were therefore included in this review.
TOPIC

Mechanisms, sympthoms and triggers for anaphylaxis
In immunological terms, anaphylaxis is an example of an immediate, Type-I hypersensitivity reaction [16] . Anaphylactic reaction occurs through an immune mechanism involving interaction between an allergen and allergen specifi c IgE antibodies. On initial exposure to an antigen in susceptible individuals, IgE is produced and binded to mast cells and basophils. On reexposure, the multimeric antigen cross-links the Fab portions of two surfacebound IgE molecules, inducing the increase of intracellular calcium and the sudden release of chemical mediators (histamine, tryptase, leucotrienes, prostaglandins, platelet activating factor and other infl ammatory mediators) into the systemic circulation from the mast cells [1, 17, 18] . An interesting fact is that some of www.hophonline.org the secondary mediators released, in particular by eosinophils, have the ability to inhibit anaphylaxis and thus the process may be selflimiting in less severe reactions. Th e distinction must be made between anaphylactic and anaphylactoid reaction, where degranulation of mast cells or basophils occurs in non-IgE mediated mechanisms (a direct nonimmunemediated release of mediators or result from direct complement activation) [16] . Clinically it is not possible to make a diff erence of the two and treatments for both mechanisms are identical [7, 17, 18] . Th ere is a group of authors that use the term "anaphylaxis" to refer to both anaphylactic and anaphylactoid reactions as the clinical expression and fi nal mediators involved are identical [14] .
Mediators released are responsible for clinical manifestations, which progress rapidly and can aff ect most organ systems, including the skin (pruritus, fl ushing, urticaria, angioedema); eyes (conjunctivitis); the upper (rhinitis and angioedema) and lower (bronchoconstriction with wheezing and dyspnea, cyanosis) airway; the intestinal tract (abdominal pain, nausea, vomiting, diarrhea); the cardiovascular system (tachycardia, hypotension, shock), and can lead to cardiovascular collapse and death [18] . Th e majority of anaphylactic reactions include skin symptoms, that are noted in more than 80% of cases [1, 2] while the early cutaneous signs of anaphylaxis are oft en unrecognized in case of anaphylaxis during anesthesia [18] . Th e four most common anaphylaxis triggers include foods, insect venoms, medications and latex rubber. Th ere are considerable variations in the age-specifi c etiology of anaphylaxis as medications and insect stings predominate in adults while foods is the most common cause in children [3, 6] . Individuals over 30 years are more likely to experience hypotensive anaphylaxis with cardiovascular collapse usually a highlighted characteristic, and are at greatest risk of death from insect sting anaphylaxis. In comparison, younger people most oft en die from food-induced anaphylaxis and fatality is predominantly due to upper and/or lower airway obstruction [13] .
Medications indicated as the most common causes of anaphylaxis include: penicillins [19] ; muscle relaxants-particularly succinylcholine [20] , that is more likely to cause anaphylaxis than nondepolarizing muscle relaxants such as pancuronium or vecuronium) [8] ; iodinated contrast media [18] ;
372
Volume 3 • Number 1 • January 2016 • HOPH antituberculosis medications [12] ; NSAIDs [12] ; protamine [22] . Also, common causes in healthcare settings include chlorhexidine [18, 21] and natural rubber latex [23, 24] .
Acute anaphylaxis episode management
Th e management of anaphylaxis includes both the treatment of acute episodes and the implementation of strategies to avoid recurrences [10] . Anaphylaxis treatment begins with a rapid assessment and maintenance of airway, breathing, and circulation [2] . Th e cornerstones of the treatment are immediate discontinuation of the trigger and early adrenaline administration [1, 18] .
Adrenaline has a pivotal role as fi rst line therapy for acute anaphylaxis and represents the treatment of choice because the actions of adrenaline reverse all features of anaphylaxis [12, 17, 25] . It has been shown that a prompt administration of adrenaline may be life-saving so it is classifi ed as an essential medication for the treatment of anaphylaxis by the Th e World Health Organization and should be administered as soon as the anaphylaxis is recognized [4, 12] . A delay in the administration of adrenaline and too small a dose given for the primary response have been suggested as risk factors for late-phase reactions, complications and fatalities [4, 6, 26] . Patient's blood pressure, cardiac rate and function, respiratory status and oxygenation should be monitored at frequent and regular intervals. Patients in anaphylactic shock should be placed in a recumbent (Th e Trendelenburg position) with the lower extremities elevated . Th is accomplishes 2 therapeutic goals: 1) preservation of fl uid in the circulation (the central vascular compartment), that is an important step in managing distributive shock; and 2) prevention of the empty vena cava, which can occur within seconds when patients with anaphylaxis suddenly are placed in an upright position.
Th e next steps include supplemental oxygen, intravenous fl uid resuscitation and cardiopulmonary resuscitation with continuous chest compressions. Supplemental oxygen should be administered by face mask or by oropharyngeal airway at a fl ow rate of 6 -8 L/ min to all patients receiving repeated doses of epinephrine and those with respiratory distress [12] . Fluid therapy is recommended alongside adrenaline in order to replace the plasma losses of up to 50% of the circulatory volume [16] .
Th e volume expanders are required in patients who remain hypotensive despite epinephrine administration but the volume given must be tailored to the clinical situation [2, 3] . Fluids are given at 10-20 ml/kg and include: crystalloid solutions (such as normal saline or Ringer's lactate), or colloids (albumin, dextran, gelatin preparations). Th ere are factors favouring the use of colloids in anaphylactic shock [14] . Intravenous fl uids and adrenaline have a synergistic eff ect in the treatment of anaphylaxis. Fall in systolic blood pressure of more than 20 mm Hg and tachycardia are features of moderate anaphylaxis and should be treated with 10 ml/kg colloid intravenous fl uid. If severe cardiovascular collapse occurs, higher volumes (20 ml/kg) should be infused [27] .
In the event of failure of epinephrine and fl uid resuscitation to regulate the blood pressure, potent vasopressors administration might be an option [2] . Vasopressors-dopamine, dobutamine, norepinephrine, phenylephrine, or vasopressin can be given although there are no established dosing regimens for any of these medications, because the dose is titrated according to the clinical response [12] .
Th erapeutic agents in anaphylaxis
Adenaline
Th e benefi cial eff ects of adrenaline include: α adrenoceptors stimulation that increases peripheral vascular resistance and thus improving blood pressure, decreases angioedema and urticaria; β1 adrenoceptors stimulation shows both positive inotropic and chronotropic cardiac eff ects while β2 adrenergic eff ects provide bronchial smooth-muscle relaxation; β adrenoreceptors stimulation also increases intracellular cyclic adenosine monophosphate (cAMP) production in mast cells and basophils, whereby inhibits further infl ammatory mediator release [17, 18, 28] .
It is worth mentioning that adrenaline has a relatively narrow therapeutic window, so the fact must be considered when planning treatment [10] . A considerable confusion regarding the correct route and dose could be an issue which concerns the use of adrenaline [29] . It has been suggested that i.m. administration of injectable epinephrine is the most preferred route because intramuscular adrenaline is rapidly bioavailable, with peak concenwww.hophonline.org trations occurring within 10 min and partly due to reducing the requirement for repeated doses. In patients with cardiac arrest or severe hypotension unresponsive to intramuscular doses of epinephrine, intravenous (i.v.) application is an option [2, 10, 18, 27] . Also, it was observed that the subcutaneous (s.c.) administration of adrenaline leads to prolonged but variable absorption related to local vasoconstrictor action and this potential for variability is clearly unacceptable in the critically compromised or shocked patients [14] . Simons and coworkers have shown in their studies that plasma epinephrine concentrations were greater in case of i.m. in comparison with s.c. adrenaline application both in children [30] and in adults [31] . Recommendations for epinephrine dosing by i.m. route is accepted to be 0.01 mg/kg to a maximum of 0.3 mg in children (for example, 0.7 ml of 1:1000 adrenaline intramuscularly for a 70 kg adult and 0.3 ml for a 30 kg child). If needed, epinephrine may judiciously be repeated in both adults and children. Th e interval between doses should be 5-30 minutes [7, 27, 28] whereby repeated doses of adrenaline are indicated until clinical improvement is achieved [10] . Patients usually respond to 1 or 2 doses [12] .
Th ere is a disagreement on the subject of i.v. administration of epinephrine as some clinicians warn that this route of administration is too dangerous and rarely if ever justifi ed, as it may cause greatly increased systolic and diastolic blood pressures with the risks of ischaemia , intracerebral bleeding, cardiac arrhythmias or even infarction. Th ese serious adverse outcomes usually occur when the adrenaline is given too rapidly, inadequately diluted, or in excessive dose [14] . In case of i.v. application , up to 5 μg/kg is recommended, which is a lower dose than with the i.m. route (for example, 3.5 ml of 1:10000 adrenaline for a 70 kg adult and 1.5 ml for a 30 kg child). An adrenaline dilution of 1:10 000 or greater (1: 100 000) is recommended for the i.v. route; half the dose should be given very slowly while monitoring the patient's vital signs and the rest should then be given in small aliquots if there are no adverse eff ects [2, 27, 32] . Samson et al [2] indicated that continuous low-dose epinephrine infusions might have the advantage over large boluses of epinephrine as represents safer and more eff ective form of delivery because the dose can be titrated to the desired eff ect whereby avoiding the potential for acci-dental administration.
Although adrenaline remains the drug of fi rst choice, for some patients its therapeutic range is narrow and dosing should be carefully managed. Th ere have been reports of anaphylaxis where the rate of adrenaline injection was inappropriately high whereby this adrenaline overdose caused fatalities. Th ese incorrect treatments should not be seen as detracting from the value of adrenaline in management of severe acute allergic reactions. Th erefore, serious concerns exist in terms of competence of doctors who may have to treat anaphylactic reactions. Th ey have to be able to recognize the indications for adrenaline and to know the correct dose and route of administration [32] .
Th ere have been attempts to develop inhaled epinephrine dosage forms [17, 33, 34, 35] . Th e advantages of this mode of application involve: simplicity of application, the advantage of direct contact with the larynx (where life-threatening edema may occur) and rapid relief of associated bronchospasm. It has been shown that appreciable quantities of epinephrine may be absorbed by the inhaled route if adequate doses are given. However, the systemic absorption showed considerable individual variation and this might be more marked in patients with anaphylaxis or acute airways obstruction as bronchoconstriction may obstruct the availability of inhaled adrenaline [33] . Mellem et al [34] have demonstrated that inhalation gives a faster absorption of adrenaline than subcutaneous injection. Th ere were also less intersubject variations in plasma adrenaline levels aft er inhalation indicating that inhalation gives a more reliable absorption.
Antihistamines
Antihistamines represent second-line drugs, commonly used as an adjuvant therapy, which are given in order to minimize the clinical impact of histamine release. Antihistamines are expected to be useful in attenuating the cutaneous manifestations, angioedema, nasal and eye symptoms, but do not aff ect the hypotension , airway obstruction, gastrointestinal symptoms, or shock [2, 3, 12] . Aft er oral administration, antihistamines have a slow absorption and onset of action and can not block events that occur subsequent to histamine binding to its receptors [13, 36] .
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Antihistamines can be administered intravenously, intramuscularly or orally (depending on the condition of the patient). Treatment with a combination of H1 and H2-antagonists has been reported to be more effective than treatment with H1-antagonists alone in the acute management of anaphylaxis , as well as for the prevention of drug induced anaphylactic reactions. It has been proven that H2 receptor antihistamines such as cimetidine in a dose of 300 mg intravenously are eff ective in refractory anaphylactic shock unresponsive to adrenaline, fl uids, steroids, and H1 receptor antihistamine given intravenously [14] . Yarbrough et al have demonstrated that the anaphylactic shock, caused by cefuroxime and refractory to the usual therapeutic measures, was responsive to treatment with intravenous cimetidine [37] . Antihistamines are of greatest use when the allergic condition is not life threatening, such as in urticaria and angioedema [14] .
Diphenhydramine can be given at 25 to 50 mg for adults and 1 mg/kg (up to 50 mg) for children [2] . Most guidelines include antihistamines and their usage in the management of acute anaphylaxis is widespread, but controversial [14] . Th ere is a disagreement among the authors regarding the antihistamines application, due to insuffi cient evidence of their eff ectiveness and because the side eff ects that antihistamines may induce [3, 13] . Th ere are also concerns about potential harmful central nervous system eff ects, for example: sedation, confusion, somnolence or impairment of cognitive functions caused by fi rst-generation H1-antihistamines given in usual doses. Also, in infants and young children, paradoxical CNS stimulation can occur [12, 13, 14] . Furthermore , most medications in this large class cannot be administered by injection, with the exception of few fi rst-generation H1-antihistamines [13] .Th e unavailability of parenterally administered second-generation H1-antagonists is a limiting factor for their use in acute anaphylaxis and perioperative prophylaxis [36] .
Corticosteroids
Th ese medications exhibit slow onset of action due to which are not useful in the acute management stage [2] . Th eoretical benefi cial eff ects involve: an increase in tissue responsiveness to betaadrenergic agonists, infl ammatory me-diator synthesis inhibition and prevention of neutrophil and platelet aggregation. Th e role of steroids in the management of acute anaphylaxis is limited to the prevention of biphasic or shortening protracted reactions. However, still remains unclear whether corticosteroids given for the primary event, have a preventive eff ect on second reaction [8, 23, 26] as their effi cacy in reducing the risk of late-phase reactions has not been fully proven [10] . It is worth noting that glucocorticoid use for anaphylaxis is increasing and glucocorticoids were reported as even more frequently administered than adrenaline [23] . Oral steroids also form the cornerstone in management of recurrent IA [14] . Th e dosing of intravenous corticosteroids should be equivalent to 1.0 to 2.0 mg/kg per dose of methylprednisolone every 6 hours. In case of milder to moderate attacks prednisone can be given oraly, at the dose of 1.0 mg/ kg, up to 50 [2, 6] . Corticosteroids can cause serious side eff ects (steroid induced myopathy, sodium and potassium ion fl ux changes) [14] . Also, it is reported that corticosteroids have caused systemic anaphylaxis themselves [38] .
Adjunctive therapy
Intravenous salbutamol or glucagon administration, or both, should be considered if the patient is on a β-blocker used and appear to have more frequent and severe anaphylactic reactions, resistant to standard therapy [14, 27, 29] . β2-agonists are useful adjuvants in treating bronchospasm associated with anaphylaxis and may be administered by inhalation or intravenously [10, 18] . Glucagon also might be considered in protracted anaphylaxis: 1 mg boluses up to 3 mg (half doses in children) should be followed by an infusion of 1-5 mg/hour [27] .
Aminophylline is useful for severe anaphylactic bronchospasm resistant to adrenaline and steroids. Benefi cial eff ects include stimulation of respiratory muscles, bronchodilatation and pulmonary vasodilatation. Th e recommended dose is 5-6 mg/kg intravenously over 30 minutes, with full cardiac monitoring [14] . Slow application of aminophylline is necessary in order to avoid the occurrence or deepening of the already existing hypotension [39] .
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Calcium
Th ere are case reports where the authors suggested intravenous calcium application during the anaphylactic reaction, in the form of calcium chloride [22, 40] or calcium gluconate, in a dose of 1g, i.e. 10 mL of calcium gluconatesolution 10% [41] . Calcium is considered to be used in anaphylaxis treatment since it has antiallergic eff ect, reduces cell permeability, dilates coronary blood vessels, it is involved in the coagulation factors activation, reduces neuromuscular excitability and has a positive eff ect on the heart during systole [39] . Lembeck [42] , researching potential therapeutic indications of intravenous calcium, concluded that calcium eff ects of therapeutic signifi cance, if existent at all, could be assumed only with regard to an anti-anaphylactic eff ect of the catecholamines released by i.v. injected calcium.
CONCLUSION
Searching the literature, we did not fi nd a uniform data, but a wide variation in recommendations in terms of dosing and mode of drug administration. Th e use of intramuscular adrenaline in anaphylaxis is acknowledged as the fi rst line of therapy both in the hospital and in the community. We found that the subcutaneous administration of adrenaline used to be the method of choice in the past while the latest recommendations indicate the intramuscular route in the mid-outer thigh as the most convenient route.
Most publications cited in this article are systematic reviews, largely as a consequence of the lack of randomized controlled studies in this fi eld. Th is might be due in part to difficulty in implementing randomized controlled trials in an anaphylactic shock ,that represents a severe and a potentially life-threatening condition characterized by unpredictable and acute manifestations. Also, there are number of ethical issues related to the conducting of such studies. As a result, most of the guidelines in the management of anaphylaxis are derived from experience including retrospective studies, case reports, and other descriptive literature. Th is may be a source of confusion and confl ict in the medical literature as for the correct dosage and administration route of adrenaline and other medications used in anaphylaxis treatment.
We have noticed that antihistamines and corticosteroids are listed as integral part of the therapy of anaphylaxis in all the publications, including the World Allergy Organization guidelines, although some authors suggest that there is little fi rm evidence about their eff ectiveness. We found that intravenous calcium application was suggested only in few case reports, while it has not been mentioned in the review articles on the subject of anaphylaxis treatment. Considering more recent guidelines, which do not indicate calcium to be a part of the treatment protocol, we concluded that intravenous calcium administration in the management of anaphylactic shock is abandoned.
